
, 'LA-UR - e344 

Los Alamos National Laboratory Is operated by the University of Calllornla lor the United States Department of Energy under contract W-7405-ENG-36. - 

TITLE: A GUIDE TO RADIOLOGICAL ACCIDENT CONSIDERATIONS 
FOR S I T I N G  AND DESIGN OF DOE NONREACTOR NUCLEAR F A C I L I T I E S  

AUTHOR(S): JOHN ELDER AND JOSEPH GRAF 
LOS ALAMOS NATIONAL LABORATORY 
LOS ALAMOS, NEW MEXICO 

SUBMITTED TO: F I F T H  DOE ENVIRONMENTAL PROTECTION INFORMATION MEETING 
ALBUQUERQUE, NEW MEXICO 
NOVEMBER 6-8, 1984 

By acceptance 01 this article, the publisher recognizes that the U S Government retains a nonexclusive, royalty-free license to publish or reproduce 
the published lorm of this contribution. or to allow others to do so, lor U S Government purposes 

The Los Alarnos National 4aboratory requests that the publisher identily this article as work perlormed under the auspices of the U S Department o! Energy 

Los Alamos National Laboratory amos Los Alamos,New Mexico 87545 
FORM NO E36 R4 
ST NO 26295/81 

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact:

Library Without Walls Project
Los Alamos National Laboratory Research Library
Los Alamos, NM  87544
Phone:  (505)667-4448
E-mail:  lwwp@lanl.gov



A GUIDE TO RADIOLOGICAL ACCIDENT CONSIDERATIONS 
FOR SITING AND DESIGN OF DOE NONREACTOR NUCLEAR FACILITIES 

John C. E l d e r  and Joseph M. G r a f  
Los Alamos Nat iona l  Laboratory  

Los A1 amos , New Mexico 

ABSTRACT 

DOE O f f i c e  o f  Nuclear Safe ty  has sponsored p r e p a r a t i o n  o f  
a guidance document t o  a i d  f i e l d  o f f i c e s  and c o n t r a c t o r s  i n  
t h e i  r analyses o f  consequences o f  p o s t u l a t e d  major  acc idents .  
A summary o f  needs f o r  such guidance was presented a t  t h e  4 t h  
Environmental  P r o t e c t i o n  Conference i n  1982. A gu ide w i l l  soon 
be issued f o r  t r i a l  use a f t e r  e x t e n s i v e  peer review. The guide 
addresses t h e  requirements o f  DOE Orders 5480.1A, Chapter V ,  
and 6430.1, i n c l u d i n g  t h e  general  requirement t h a t  DOE nuc lear  
f a c i l i t i e s  be s i t e d ,  designed, and operated i n  accordance w i t h  
s tandards,  codes, and guides c o n s i s t e n t  w i t h  those a p p l i e d  t o  
comparable l i c e n s e d  nuc lear  f a c i l i t i e s .  

The guide inc ludes  b o t h  p h i l o s o p h i c a l  and t e c h n i c a l  
i n f o r m a t i o n  i n  t h e  areas o f :  

o s i t i n g  g u i d e l i n e s  doses a p p l i e d  t o  an o f f s i t e  re fe rence 
person; 

o c o n s i d e r a t i o n  a l s o  g iven t o  an o n s i t e  re fe rence person; 

o p h y s i c a l  parameters, models, and assumptions t o  be a p p l i e d  
when c a l c u l a t i n g  doses f o r  comparison t o  s i t i n g  c r i t e r i a ;  
and 

o p o t e n t i a l  acc ident  consequences o t h e r  than r a d i o l o g i c a l  
dose t o  a re fe rence person which migh t  a f f e c t  s i t i n g  and 
major  des ign f e a t u r e s  o f  t h e  f a c i l i t y ,  such as 
env i ronmenta l  contaminat ion,  p o p u l a t i o n  dose, and 
associated p u b l i c  h e a l t h  e f f e c t s .  

Recommendations and/or c l a r i f i c a t i o n s  a r e  prov ided where 
t h i s  cou ld  be done w i t h o u t  adding new requirements.  I n  t h i s  
regard,  t h e  guide i s  cons idered a v a l u a b l e  a i d  t o  t h e  s a f e t y  
a n a l y s t ,  e s p e c i a l l y  where requirements have been s u b j e c t  t o  
i n c o n s i s t e n t  i n t e r p r e t a t i o n  o r  where a n a l y s i s  methods a r e  i n  
t r a n s i t i o n ,  such as use o f  dose model (ICRP 2 o r  I C R P  30) or 
use o f  p r o b a b i l i s t i c  methods o f  r i s k  a n a l y s i s  i n  t h e  s i t i n g  and 
des ign o f  nuc lear  f a c i l i t i e s .  
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INTRODUCTION 

A p a p e r  p r e s e n t e d  b y  t h e  a u t h o r s  a t  t h e  4 t h  DOE E n v i r o n m e n t a l  
P r o t e c t i o n  I n f o r m a t i o n  Meet ing i n  1982 descr ibed t h e  need f o r  a gu ide t o  
p o s t u l a t e d  acc ident  a n a l y s i s  f o r  s i t e  e v a l u a t i o n  and major  des ign f e a t u r e  
s e l e c t i o n  f o r  DOE n u c l e a r  f a c i l i t i e s .  Th is  paper descr ibes  t h e  guide 
which has s i n c e  been prepared t o  meet t h i s  need. The gu ide  e n t i t l e d  "A 
Guide t o  R a d i o l o g i c a l  Acc ident  Considerat ions f o r  S i t i n g  and Design o f  
DOE Nonreactor Nuclear F a c i l i t i e s , "  has completed t h e  peer- rev iew and 
r e v i s i o n  process and i s  be ing  p r i n t e d .  Issue i s  expected near December 
1, 1984. 

The Guide w i l l  be rou ted  th rough a l l  f i e l d  o f f i c e s  t o  t h e  r e s p e c t i v e  
c o n t r a c t o r  hea l th ,  s a f e t y ,  and e n v i  ronmental o r g a n i z a t i o n s  . Many of  
these groups have reviewed and commented d u r i n g  t h e  peer rev iew o f  two 
e a r l i e r  d r a f t s .  Fourteen peer rev iewers p l u s  a l a r g e  number o f  o t h e r  
i n t e r e s t e d  personnel  a t  DOE s i t e s  have commented on t h e  present  guide. 
It i s  expected t h a t  t h e  Guide w i l l  undergo a r e v i s i o n  1-2 years  a f t e r  
i s s u e  t o  accommodate f i n a l i z a t i o n  o f  t h e  DOE Order 6430.1, Chapter I, 
r e v i s i o n  and any o t h e r  changes which a r e  found necessary. 

The need f o r  guidance f o r  t h e  s a f e t y  a n a l y s t  stems p r i m a r i l y  from 
t h e  d i s p a r i t i e s  between d i v e r s e  opera t ions  and s i t i n g  s i t u a t i o n s  found i n  
DOE n u c l e a r  f a c i l i t i e s  and t h e  l i g h t  water r e a c t o r  (LWR) opera t ions  f o r  
which e x i s t i n g  s i t i n g  c r i t e r i a  were w r i t t e n .  The Nuclear Regulatory  
Commission (NRC) has supplemented e x i s t i n g  s i t i n g  guidance (10 CFR 100) 
i n  g r e a t e r  d e t a i l  w i t h  Regulatory  Guides, Technical  I n f o r m a t i o n  
Documents, and Safe ty  Guides. A l thouyh DOE s a f e t y  a n a l y s t s  use t h i s  NRC 
guidance where i t  can l o g i c a l l y  be app l ied ,  they  d e s i r e d  a more 
general  i zed document, p h i  1 osophica l  i n p r i n c i p l e ,  keyed t o  DOE Orders, 
and a p p l i c a b l e  t o  t h e  d i v e r s i t y  o f  DOE nuc lear  f a c i l i t i e s .  The Guide was 
w r i t t e n  t o  p r o v i d e  guidance i n  g r e a t e r  d e t a i l  than  i s  p o s s i b l e  i n  DOE 
Orders, w i t h o u t  e s t a b l i s h i n g  new requirements n o t  a l r e a d y  s t a t e d  i n  t h e  
DOE Orders. F l e x i b i l i t y  i s  needed and i s  indeed al lowed; however, some 
t e c h n i c a l  aspects o f  p o s t u l a t e d  acc ident  a n a l y s i s  should be common. 
These aspects a r e  p o i n t e d  ou t  i n  t h e  Guide, g e n e r a l l y  w i t h  t h e  p r o v i s o  
t h a t  methods o r  models o t h e r  than those i n  t h e  Guide may be used i f  
j u s t i f i c a t i o n  can be provided. This  a p p l i e s  e s p e c i a l l y  t o  s i t e - s p e c i f i c  
models and da ta  developed f o r  t h i s  purpose. 

The scope o f  t h e  Guide has been r e s t r i c t e d  t o  a n a l y s i s  o f  p o s t u l a t e d  
r a d i o l o g i c a l  a c c i d e n t s  f o r  t h e  purpose o f  s i t i n g  and major  des ign f e a t u r e  
s e l e c t i o n  f o r  DOE nonreactor  n u c l e a r  f a c i l i t i e s .  The Guide does n o t  deal  
w i t h  consequences i nvo l  v i  ng workers i ns ide  t h e  f a c i  1 i t y  b e i  ny eval  uated . 
I t  s h o u l d  be c o n s i d e r e d  o n l y  a g u i d e ,  n o t  a r e g u l a t i o n .  A l t h o u g h  
b a s i c a l l y  in tended t o  apply  o n l y  t o  f u t u r e  f a c i l i t i e s ,  p o r t i o n s  o f  t h e  
Guide apply  t o  new processes i n  e x i s t i n y  f a c i l i t i e s .  An example o f  t h e  
l a t t e r  case i s  t h e  p o s t u l a t e d  acc ident  i n i t i a t e d  by n a t u r a l  phenomena i n  
a f a c i l i t y  designed under o l d  s t r u c t u r a l  c r i t e r i a .  A new f a c i l i t y  would 
be designed t o  w i t h s t a n d  a l l  c r e d i b l e  n a t u r a l  phenomena, t h e r e f o r e  no 
r e l e a s e  would occur. Th is  migh t  n o t  be t h e  case f o r  an e x i s t i n g  f a c i l i t y  
which does n o t  meet c u r r e n t  c r i t e r i a .  
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S ITING GU fDEL I NES 

C r i t e r i a  o r  o t h e r  s u b s t a n t i v e  guidance r e l a t e d  t o  s i t i n g  and major  
des ign features o f  DOE nonreactor  n u c l e a r  f a c i l i t i e s  are conta ined i n  DOE 
Orders 5480.1A and 6430.1. S p e c i f i c  r a d i o l o g i c a l  dose g u i d e l i n e s  have 
been w r i t t e n  f o r  i n c l u s i o n  i n  Chapter I o f  Order 6430.1. These a r e  
p r e s e n t l y  i n  concurrence cyc le .  The au thors  o f  t h e  Guide have f o l l o w e d  
t h e  f o r m u l a t i o n  o f  these g u i d e l i n e s  and a r e  p r e s e n t i n g  them i n  t h e  Guide 
i n  t h e i r  expected form. 

The s p e c i f i c  requirement e x i s t s  i n  Order 5480.1A t h a t  DOE n u c l e a r  
f a c i l i t i e s  a r e  s i t e d ,  designed, cons t ruc ted ,  etc., i n  accordance w i t h  
genera l  Jy u n i f o r m  standards, guides, and codes t h a t  'a re  cons1 s t e n t  w i t h  
those a p p l i e d  t o  comparable l i c e n s e d  n u c l e a r  f a c i l i t i e s .  Th is  c a r r i e s  on 
t h e  g e n e r a l l y  accepted use o f  s i t i n g  dose l i m i t s  i n  10 CFK 100 o f  25 rem 
whole body o r  300 rem t h y r o i d  t o  a person l o c a t e d  a t  t h e  s i t e  boundary 
f o r  two hours f o l l o w i n g  t h e  acc ident .  R a d i o l o g i c a l  dose g u i d e l i n e s  i n  
6430.1 as proposed a r e  c o n s i s t e n t  w i t h  10 CFR 100 whole body dose b u t  
cons iders  o t h e r  organ doses as shown i n  Table I. 

TABLE 1. R a d i o l o g i c a l  Guide1 i n e s  (6430.1 proposed) ( 4  

Organ Dose (rem) 

Who1 e body 
Thyro id  
Bone sur faces  
Lung 
E f f e c t i v e  dose e q u i v a l e n t  

25 
300 
300 
75 
25 

(a)These g u i d e l i n e s  apply  t o  t h e  o f f s i t e  person r e c e i v i n g  t h e  h ighes t  
dose, assuming dose i s  accumulated over  50 y r  f rom a s i n g l e  exposure, 

Proposed guidance i n  6430.1, Chapter I ,  i n i t i a t e s  c o n s i d e r a t i o n  o f  
consequences o t h e r  than dose t o  t h e  o f f s i t e  person. Al though s p e c i f i c  
numerical  guidance i s  no t  p rov ided i n  any o f  these cases, t h e  f o l l o w i n g  
should r e c e i v e  c o n s i d e r a t i o n :  

o a re ference o n s i t e  person ( n o t  i n  t h e  f a c i l i t y  under e v a l u a t i o n ) ,  

o env i  ronmental contami n a t i o n  ( p r i m a r i  l y  a c leanup c o s t  impact) ,  

o p o p u l a t i o n  dose, and 

o p u b l i c  h e a l t h  e f f e c t s .  

Any o f  t h e  l a t t e r  t h r e e  impacts would a i d  d e c i s i o n  making when severa l  
s i t e s  a re  be ing  compared f o r  s u i t a b i l i t y .  I n f o r m a t i o n  on d e r i v i n g  each 
o f  these impacts i s  p rov ided i n  t h e  Guide. 
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The o n s i t e  person rece ives  c o n s i d e r a t i o n  because many adjacent  
f a c i l i t i e s  on DOE r e s e r v a t i o n s  may be t o t a l l y  u n r e l a t e d  t o  t h e  f a c i l i t y  
under e v a l u a t i o n ,  t h a t  i s ,  a d m i n i s t r a t i v e  o r  suppor t  b u i l d i n g s  w i t h  very  
few f e a t u r e s  i n  common w i t h  t h e  nuc lear  f a c i l i t y .  I n  some cases, t h e  
o n l y  l a r g e  p o p u l a t i o n s  near a DOE nuc lear  f a c i l i t y  i s  an o n s i t e  
p o p u l a t i o n  which, up t o  now, has rece ived no d i r e c t  c o n s i d e r a t i o n  i n  t h e  
s i t i n g  o f  n u c l e a r  f a c i l i t i e s .  The Guide at tempts t o  a i d  t h e  a n a l y s t  i n  
s p e c i f y i n g  t h e  l o c a t i o n  and dose o f  t h e  maximal ly  exposed o n s i t e  person. 
Al though economic and o t h e r  r a m i f i c a t i o n s  o f  t h e  o n s i t e  dose g u i d e l i n e  
have n o t  been analyzed, a g e n e r a l l y  f a v o r a b l e  consensus was reached amony 
rev iewers of t h e  Guide. 

ACCIDENT DESCRIPTIONS 

The Guide recommends t h a t  p o s t u l a t e d  des ign b a s i s  acc idents  (DBAs) 
be descr ibed i n  t h e  general  form shown i n  F igure  1, Accident Release 
Steps, and F i y u r e  2, Acc ident  Consequences Steps. Operat ional  acc idents  
caused by i n t e r n a l  i n i t i a t o r s  such as explos ion,  f i r e ,  nuc lear  
c r i t i c a l i t y ,  o r  l e a k s  (equipment f a i l u r e  o r  opera tor  e r r o r )  were 
discussed i n  terms o f  major  fea tures ,  p u b l i c a t i o n s  c o n t a i n i n g  h i s t o r i c a l  
data,  and o t h e r  i n f o r m a t i o n  u s e f u l  t o  t h e  a n a l y s t  i n  d e s c r i b i n g  p o t e n t i a l  
DBAs. Several event o r  i n c i d e n t  summaries a r e  a v a i l a b l e  which c o n t r i b u t e  
t o  a v a i l a b l e  p o s t u l a t e d  acc ident  d e s c r i p t i o n s ,  p a r t i c u l a r l y  i n  chemical 
process ing a c t i v i t i e s .  However, such summaries a r e  n o t  a v a i l a b l e  f o r  a l l  
nuc lear  opera t ions  w i t h  r a d i o l o g i c a l  acc ident  p o t e n t i a l .  The Guide c i t e s  
a v a i l a b l e  re ferences under each o f  t h e  f o u r  acc ident  c a t e g o r i e s  1 i s t e d  
above . 

T r e a t m e n t  o f  n a t u r a l  phenomena as a c c i d e n t  i n i t i a t o r s  i s  a l s o  
discussed. Recent c o m p i l a t i o n  by Lawrence Livermore Nat iona l  Laboratory  
o f  earthquake and tornado hazard models f o r  a l a r g e  number o f  DOE s i t e s  
has prov ided s i g n i f i c a n t l y  improved s i t e - s p e c i f i c  guidance f o r  t h e  
a n a l y s t .  I n f o r m a t i o n  r e m a i n s  l i m i t e d  when a damage e s t i m a t e  and a 
re lease f r a c t i o n  are  t o  be se lected.  

O f f s i t e  sources o f  acc ident  i n i t i a t i o n  a r e  discussed i n  l e s s  d e t a i l .  
These might  i n c l u d e  a i r c r a f t ,  exp los ions,  and upstream dams. I f  a s i t e  
migh t  be th rea tened by a c r e d i b l e  event o f f s i t e ,  t h e  a n a l y s t  i s  expected 
t o  cons ider  i t s  e f f e c t .  S i m i l a r  guidance i n c l u d e d  i n  t h e  NRC Standard 
Review Plan i s  cons idered yeneral  l y  app l icab le .  

PARAMETERS, ASSUMPTIONS, DEFIN IT IONS,  AND MODELS 

V a r i a t i o n  amony a n a l y s t s  i n  t h e  a c c i d e n t - r e l a t e d  parameters they  
s e l e c t ,  aSsumptions t h e y  make, d e f i n i t i o n s  they  use, and d i s p e r s i o n  and 
dose models they  s e l e c t  a l l o w s  broad v a r i a t i o n  i n  r e s u l t s ,  sometimes 
severa l  o rders  o f  magnitude. Also t h i s  v a r i a t i o n  might  p e r m i t  choices 
t h a t  lead  t o  a preconceived o r  d e s i r e d  r e s u l t  r a t h e r  than a r e s u l t  which 
i s  c o n s e r v a t i v e l y  overest imated. The Guide has at tempted t o  i d e n t i f y  
areas o f  major  u n c e r t a i n t y  and recommend values which have achieved a 
l e v e l  o f  a c c e p t a b i l i t y  through use i n  pas t  analyses. Where new data a r e  
a v a i l a b l e  b u t  p e r h a p s  n o t  y e t  r e v i e w e d  s u f f i c i e n t l y  t o  have g a i n e d  
general  acceptance, t h e  Guide has c i t e d  t h e  source as backyround 
i n f o r m a t i o n  w i t h o u t  recommending i t s  use. 

4 



EXTERNAL INITIATOR: 

1 _I---------- 

EXPLOSIONS 

FACl LlTY BOUNDARY 

INTERNAL INITIATOR: 
--1 

RADIONUCLIDES MODE Q U A N T I N  NATURAL REMOVAL - 
QUANTITY PATHWAY FINAL FORM FI LTR ATlON 
LOCATION FRACTION PARTICLE SIZE TRAPPING 
INITIAL FORM SOLUBILITY OTHER ESF 
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The Guide addresses parameters, assumptions, d e f i  n 
i n  each o f  t h e  f o l l o w i n g  s teps o f  t h e  dose c a l c u l a t i o n :  

t i o n s  , and mode S 

o source term, 
o re lease f r a c t i o n ,  
o r e d u c t i o n  and removal f a c t o r s ,  
o re lease d u r a t i o n ,  
o meteoro log ica l  a n a l y s i s  and d i  spersion, and 
o r a d i  o l  o g i  c a l  dose. 

These major t o p i c s  a r e  discussed b r i e f l y  i n  t h e  f o l l o w i n g  sect ions.  

Source Term 

The r a d i o n u c l i d e s  re leased from pr imary  conf inement i n  r e a d i l y  
d i s p e r s i b l e  forin can be i d e n t i f i e d  f o r  spent f u e l  reprocess ing,  p lu ton ium 
o r  r e a c t o r  f u e l  processing, and nuc lear  c r i t i c a l i t y  acc idents .  Computer 
codes a r e  a v a i l a b l e  w h i c h  p r o v i d e  t h e  amounts o f  f i s s i o n  p r o d u c t s  
a v a i l a b l e  f o r  re lease a f t e r  known per iods  o f  r e a c t o r  o p e r a t i o n  and decay 
t i m e .  O t h e r  r e l e a s e s  such as t r i t i u m  o r  unmixed r a d i o i s o t o p e s  a r e  
s t r a i g h t f o r w a r d .  However, l e s s  i n f o r m a t i o n  i s  a v a i l a b l e  f o r  t h e  source 
term o f  l a r y e  a c c e l e r a t o r s .  The Guide prov ides  a v a i l a b l e  i n f o r m a t i o n  f o r  
source terms o f  nonreactor  nuc lear  f a c i l i t i e s  by reference,  

Release F r a c t i o n  

Values o f  t h e  f r a c t i o n  o f  t o t a l  r a d i o a c t i v e  m a t e r i a l  re leased from 
pr imary  conf inement i n  r e a d i l y  d i s p e r s i b l e  form a r e  t a b u l a t e d  by severa l  
au thors  f o r  a number o f  acc ident  types. These values are  discussed i n  
t h e  Guide w i t h  t h e  acknowledgement t h a t  t h e  use o f  o t h e r  va lues may be 
j u s t i f i e d .  P a r t i c u l a r l y  i n  q u e s t i o n  i s  t h e  50% halogen f r a c t i o n  assumed 
re leased from spent f u e l ;  TMI-2 exper ience may l e a d  t o  a reduced f r a c t i o n  
i n  t h e  near f u t u r e .  

Reduct ion and Removal Factors  

T h i s  s e c t i o n  dea ls  w i t h  t h e  r e d u c t i o n  ( n a t u r a l  means) and removal 
( e n g i n e e r e d  means) f a c t o r s  a p p l i e d  t o  t h e  s o u r c e  t e r m  t o  d e t e r m i n e  
est imated amounts o f  r a d i o a c t i v i t y  re leased from t h e  f a c i l i t y .  
Performance o f  engineered s a f e t y  f e a t u r e s  (ESFs) i s  o f  p r imary  i n t e r e s t  
and i s discussed under t h r e e  p o s s i b l e  c o n d i t i o n s  accompanying an 
acc ident :  1) t h e  ESF i s  unprotected from t h e  e f f e c t s  o f  t h e  acc ident  and 
i s  d e s t r o y e d  o r  s e v e r e l y  degraded,  2 )  t h e  ESF i s  p r o t e c t e d  t o  an 
i n d e f i n i t e  deyree from t h e  e f f e c t s  o f  t h e  acc ident  and some degradat ion  
o f  performance should be assumed, and 3) t h e  ESF i s  f u l l y  p r o t e c t e d  from 
a l l  e f f e c t s  o f  t h e  acc ident  and may be assumed t o  per form i n  accordance 
w i t h  t e s t  r e s u l t s .  The a n a l y s t  must dec ide which case b e s t  f i t s  t h e  
p o s t u l a t e d  acc ident  and assume c r e d i t  ( o r  l a c k  o f  c r e d i t )  a p p r o p r i a t e  t o  
t h e  acc ident .  Th is  approach i s  presented i n  t h e  Guide as a reasonable 
approach t o  ESF c r e d i t  which has n o t  been u n i f o r m l y  a p p l i e d  i n  t h e  past .  
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Release D u r a t i o n  

P o s t u l a t e d  a c c i d e n t s  a t  a DOE n o n r e a c t o r  n u c l e a r  f a c i l i t y  a r e  
u s u a l l y  o f  s h o r t  d u r a t i o n ,  w h i c h  a f f e c t s  e v a c u a t i o n  and d i s p e r s i o n  
assumption$. An e f f o r t  should be made t o  d e s c r i b e  t h e  t i m i n g  o f  t h e  
re lease,  s i n c e  peak concent ra t ions ,  a l though s h o r t l i v e d ,  may be 
r e l a t i v e l y  h i g h  a t  some p o i n t s  o f  exposure. 

D ispers ion  

The Guide d iscusses d i s p e r s i o n  models a p p l i c a b l e  t o  t h e  acc ident  
case, p r i m a r i l y  t h e  Gaussian plume model ad jus ted  t o  s imu la te  p u f f  o r  
s h o r t  t e r m  plume d i s p e r s i o n .  Ranges o f  a p p l i c a b i l i t y  and e x p e c t e d  
accuracy are discussed, a long w i t h  a p p r o p r i a t e  adjustments f o r  spec ia l  
e f f e c t s  such as plume r i s e  and b u i l d i n g  wake e f f e c t s .  C r e d i t  f o r  such 
ref inements has n o t  commonly been taken i n  dose c a l c u l a t i o n s  f o r  these 
d i s p e r s i o n  e f f e c t s ;  however, t h e y  become more impor tan t  when r e l a t i v e  
concent ra t ions  a t  o n s i t e  p o i n t s  a r e  c a l c u l a t e d .  

Two m e t e o r o l o g i c a l  c a t e g o r i e s ,  median and unfavorable,  a r e  d e f i n e d  
t o  cover t h e  range o f  d i s p e r s i o n  c o n d i t i o n s .  O f f s i t e  dose c a l c u l a t i o n s  
should be based on un favorab le  d i s p e r s i o n  c o n d i t i o n s ;  t h a t  i s  an 
un favorab le  s e c t o r  d i s p e r s i o n  f a c t o r  i s  t h e  X / Q  exceeded by 0.5% o f  t h e  
t o t a l  h o u r l y  observa t ions  a t  t h e  s i t e .  Median c o n d i t i o n s ,  those i n  which 
t h e  s e c t o r  X / Q  i s  based on t h e  X / Q  exceeded b y  50% o f  t h e  h o u r l y  
d i s p e r s i o n  f a c t o r s  i n  t h a t  one sec tor ,  a r e  suggested f o r  use when t h e  
o n s i t e  dose i s  c a l c u l a t e d .  This method a p p l i e s  expected meteorology t o  
t h e  c o n t r o l l e d  c o n d i t i o n s  o n s i t e  r a t h e r  than t h e  extreme c o n d i t i o n s  
associated w i t h  t h e  un favorab le  case. This  approach has n o t  y e t  rece ived 
formal approval  by issuance i n  DOE Order 6430.1 b u t  i s  recommended as  
reasonable i n  t h e  Guide. 

Dose Cal c u l  a t  i on s 

The Guide d iscusses t h e  severa l  models used f o r  dose c a l c u l a t i o n ,  
makes suggest ions toward a c h i e v i n g  g r e a t e r  cons is tency  o f  r e s u l t s ,  and 
g e n e r a l l y  suppor ts  t h e  apparent movement toward adopt ion  o f  dose models 
s i m i l a r  t o  I C R P  30 models. I n d i v i d u a l  organ models a r e  e i t h e r  descr ibed 
o r  presented by reference.  I n h a l a t i o n  dose, d i r e c t  dose by immersion i n  
a r a d i o n u c l i d e  c loud,  o r  dose by i n g e s t i o n  o f  m a t e r i a l  leaked t o  t h e  
a q u a t i c  environment r e c e i v e  emphasis as t h e  most l i k e l y  pathways o f  dose. 
Two o f  t h e  m a j o r  v a r i a b l e s  g o i n g  i n t o  i n h a l a t i o n  dose c a l c u l a t i , o n ,  
p a r t i c l e  s i z e  and s o l u b i l i t y ,  a r e  d i s c u s s e d  f o r  t h e i r  r o l e  i n  t h e  
c a l c u l a t i o n  o f  organ dose u s i n g  t h e  I C R P  Task Group on Luny Dynamics 
(TGLD) model. 

The maximal ly  exposed person may be assumed t o  be t h e  I C K P  re fe rence 
man unless t h e  acc ident  causes speci  a1 condi  t i  ons , f o r  example, 
c o n d i t i o n s  under which dose t o  t h e  t h y r o i d  o f  an i n f a n t  by t h e  
cow-mil k - i n f a n t  pathway might  predominate. Other v a r i a b l e s  such a s  
b r e a t h i n g  r a t e ,  q u a l i t y  f a c t o r  o f  t h e  r a d i a t i o n ,  organ mass, and t h e  l i k e  
are recommended t o  add y r e a t e r  u n i f o r m i t y  t o  dose c a l c u l a t i o n s .  
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R I S K  ESTIMATION 

R isk  e s t i m a t i o n  as a method o f  s i t e  e v a l u a t i o n  and des ign f e a t u r e  
s e l e c t i o n  i s  a f a i r l y  r e c e n t  development and i s  s t i l l  i n  l i m i t e d  use. 
Treatment o f  t h i s  s u b j e c t  i n  t h e  Guide i s  l i m i t e d  t o  d i s c u s s i o n  o f  r i s k  
assessment methods p r e s e n t l y  i n  use by a few DOE c o n t r a c t o r s .  Both 
q u a l i t a t i v e  ( i n f o r m a l )  methods and p r o b a b i l i s t i c  ( f o r m a l )  methods have 
seen some use i n  a c c i d e n t  a n a l y s i s  a t  s e v e r a l  DOE s i t e s .  However, 
because t h e  DOE has n o t  f o r m a l l y  adopted a r i s k  assessment method o r  
requirement,  t h e  Guide a c t s  o n l y  t o  encourage cont inued a c t i v i t y  i n  t h i s  
area , uryes ref inement  o f  avai  1 ab1 e r i  sk assessment methods, and suggests 
t h a t  t h e  DOE f u r t h e r  i n v e s t i g a t e  p r o b a b i l i s t i c  c r i t e r i a  s i m i l a r  t o  t h e  
s a f e t y  goal s proposed by NRC . 

A c c i d e n t s  w i t h  h i g h e r  p r o b a b i l i t y  b u t  lower  consequences than t h e  
acc ident  l i k e l y  t o  be chosen as a DBA a r e  a l s o  considered i n  t h e  Guide, 
based on p r e s e n t  p r a c t i c e  a t  s e v e r a l  DOE s i t e s .  I f  an a c c i d e n t  i s  
e x p e c t e d  t o  o c c u r  w i t h  h i g h e r  f r e q u e n c y  t h a n  a DBA and t o  p r o d u c e  
consequences o u t s i d e  t h e  f a c i l i t y  under eva lua t ion ,  i t  should be 
eval  uated agai n s t  g u i d e l  i ne doses 1 ower than t h e  g u i d e l  i nes presented i n  
Table I .  

SUMMARY 

T h i s  paper descr ibes  a soon-to-be-i ssued guide prepared t o  a i d  
s a f e t y  a n a l y s t s  i n  s e l e c t i n g  s u i t a b l e  s i t e s  and major  des ign f e a t u r e s  f o r  
DOE nonreactor  nuc lear  f a c i l i t i e s .  S i t i n g  o f  a proposed nuc lear  f a c i l i t y  
has been based on r a d i  o l  o y i  c a l  dose g u i d e l  i nes. New y u i  d e l  i nes proposed 
f o r  i n c l u s i o n  i n  DOE Order 6430.1, Chapter I ,  and c o n s i d e r a t i o n  o f  o t h e r  
p o t e n t i  a1 consequences (env i ronmenta l  contaminat ion,  p o p u l a t i o n  dose and 
p u b l i c  h e a l t h  e f f e c t s )  o f  a major  r a d i o l o g i c a l  acc ident  r e c e i v e  s p e c i a l  
a t t e n t i o n  i n  t h e  Guide. In a d d i t i o n  t o  t h e  o f f s i t e  person who might  
r e c e i v e  dose, t h e  Guide d iscusses t h e  requirement proposed f o r  i n c l u s i o n  
i n  DOE Order 6430.1 t h a t  o n s i t e  personnel a l s o  be considered when s i t e  
and major  des ign f e a t u r e s  o f  t h e  nuc lear  f a c i l i t y  a re  se lected.  

The types  o f  i n f o r m a t i o n  and a v a i  1 ab1 e sources needed t o  d e s c r i b e  
DBAs i n i t i a t e d  by o p e r a t i o n a l  events,  n a t u r a l  phenomena, o r  o f f s i t e  
manmade events a re  presented i n  t h e  Guide. The d i s c u s s i o n  o f  n a t u r a l  
phenomena a p p l i e s  p r i m a r i l y  t o  e x i s t i n g  f a c i l i t i e s  n o t  d e s i g n e d  t o  
w i ths tand t h e  des ign b a s i s  events c u r r e n t l y  cons idered a p p r o p r i a t e  i n  DOE 
Orders e 

E v a l u a t i o n  o f  consequences r e q u i r e s  s e l e c t i o n  o f  assumptions, 
d e f i n i t i o n s ,  parameters, and models i n  each o f  t h e  f o l l o w i n g  areas: 
source term, re lease f r a c t i o n ,  r e d u c t i o n  and removal f a c t o r s ,  re lease 
d u r a t i o n ,  meteoro log ica l  d ispers ion ,  and r a d i o l o g i c a l  dose. The Guide 
prov ides  i n f o r m a t i o n  i n  each o f  these areas i n  a d d i t i o n  t o  t h e  
c o n s i d e r a t i o n  o f  environmental  contaminat ion,  p o p u l a t i o n  dose, and p u b l i c  
h e a l t h  e f f e c t s .  O f  p a r t i c u l a r  i n t e r e s t  t o  t h e  a n a l y s t  w i l l  be t h e  
d iscuss ions  o f  p r e f e r r e d  dose model, c r e d i t  f o r  ESF under emergency 
c o n d i t i o n s ,  c r e d i t  f o r  evacuat ion c a p a b i l i t y ,  and r e p o r t i n g  o f  p u b l i c  
h e a l t h  e f f e c t s .  
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Use o f  r i s k  e s t i m a t i o n  methods w i t h i n  t h e  DOE complex has enhanced 
t h e  acc ident  a n a l y s i s  process a t  severa l  s i t e s ,  a l though p r e f e r r e d  method 
o r  r i s k  c r i t e r i a  have n o t  been es tab l i shed.  Increased e f f o r t  i n  t h i s  
area i s  encouraged a l though n o t  s p e c i f i c a l l y  recommended i n  t h e  Guide. 
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